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(54) Iridium conductive electrode/barrier structure and method for same 

(57) A conductive barrier, useful as a ferroelectric 
capacitor electrode, having high temperature stability 
has been provided. This conductive barrier permits the 
use of iridium (Ir) metal in IC processes involving 
annealing. Separating silicon substrate from Ir film with 
an Intervening, adjacent, tantalum (Ta) film has been 
found to very effective in suppressing diffusion between 
layers. The Ir prevents the imercfiffusion of oxygen into 
the silicon during annealing. A Ta or TaN layer prevents 
the diffusion of Ir into the silicon. This Ir/TaN structure 
protects the silicon interface so that adhesion, conduct- 
ance, hillock, and peeling problems are minimized. The 
use of Tl overlying the Ir/TaN structure also helps pre- 
vent hillock formation during annealing. A method of 
forming a multilayer Ir conductive structure and Ir ferro- 
electric electrode are also provided. 
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Description 

[0001] The present invention is generally related to 
the fabrication of integrated circuits (ICs) and, more 
specifically, to the fabrication of a conductive barrier 
using iridium (lr) and tantalum (la), for use as an elec- 
trode in a ferroelectric device. 

[0002] Platinum (Pt) and other noble metals are 
used in IC ferroelectric capacitors. The use of noble 
metals is motivated by their inherent chemical resist- 
ance. This property is especially desirable under high 
temperature oxygen annealing conditions, such as 
) those seen in the fabrication of ferroelectric capacitors. 

In addition, chemical interaction between noble metals 
and ferroelectric materials such as perovskite metal 
oxides, is negSgtole. 

[0003] Specifically, the above-mentioned noble 
metals are used as conductive electrode pairs sepa- 
rated by a ferroelectric material. One, or both of the 
electrodes are often connected to transistor electrodes, 
or to electrically conductive traces In the I C. As is well 
Known, these ferroelectric devices can be polarized in 
accordance with the voltage applied to the electrode, 
with the relationship between charge and voltage 
expressed in a hysteresis loop. When used In memory 
devices, the polarized ferroelectric device can be used 
to represent a "1" or a "0". These memory devices are 
often called ferro-RAM, or FRAM. Ferroelectric devices 
are nonvolatile. That is, the device remains polarized 
even after power is removed from the IC in which the 
ferroelectric is imbedded 

[0004] There are problems in the use of metal, even 
noble metal electrodes. Pt perhaps the widely used 
noble metal, permits the diffusion of oxygen, especially 
during high temperature annealing processes. The dif- 
fusion of oxygen through Pt results in the oxidation of 
the neighboring barrier and substrate material. Typi- 
cally, the neighboring substrate material is siicon or sil- 
icon dioxida Oxidation can result in poor adhesion 
between the Pt and neighboring layer. Oxidation can 
also interfere with the conductivity between neighboring 
substrate layers. Silicon substrates are especially sus- 
ceptible to problems occurring as a result of oxygen dif- 
fusion. The end result may be a ferroelectric device with 
degraded memory properties. Alternately, the tempera- 
ture of the IC annealing process must be limited to pre- 
vent the degradation of the ferroelectric device. 
[0005] Various strategies have been attempted to 
improve the interdiffusion, adhesion, and conductivity 
problems associated with the use of noble metals as a 
conductive film in IC fabrication. Trtanium (Ti), titanium 
oxide (TiQe), and titanium nitride (TiN) layers have been 
interposed between a noble metal and silicon (Si) sub- 
strates to suppress the InterdlffusJon of oxygen. How- 
ever. TI layers are generally only effective below 
annealing temperatures of 600 degrees C. After a 600 
degree C annealing, Pt diffuses through the Ti layer to 
react with silicon, forming a sQicide product. Further, the 



Pt cannot stop the oxygen diffusion. After a high tem- 
perature annealing, a thin layer of silicon oxide may be 
formed on the silicon surface, which insulates contact 
between silicon and the electrode. 

s [0006] Other problems associated with the anneal- 
ing of a Pt metal film are peeling and hillock formation. 
Both these problems are related to the differences in 
thermal expansion and stress of Pt with neighboring IC 
layers during high temperature annealing. A layer of Ti 
to overlying the Pt film is known to reduce stress of the Pt 
rim, suppressing hillock formation. 
[0007] lr has also been used in attempts to solve 
the oxygen interoTffusion problem, lr is chemically sta- 
ble, having a high melting temperature. Compared to Pt, 
is lr is more resistant to oxidation and oxygen diffusion. 
Further, even when oxidized, iridium oxide remains con- 
ductive. When layered next to Ti, the Ir/Ti barrier is very 
impervious to oxygen interdiffusion. However, lr can dif- 
fuse through Ti. Like Pt, lr is very reactive with silicon or 
so silicon dioxide. Therefore, a bilayered Ir/TI or Ir/Ti N bar- 
rier is not an ideal barrier metal. 
[0008] Co-pending Application Serial No. 
09/263.970. entitled "Iridium Composite Barrier Struc- 
ture and Method tor Same", invented by Zhang et al- 
as and filed on March 5, 1 999. discloses a lr composrte film 
that is resistant to interdiffusion. 
[0009] It would be advantageous if a method were 
developed for the use of lr as a conductor, conductive 
barrier, or electrode in IC fabrication. It would be ad van - 
30 tageous If the lr could be used without interaction to an 
underlying Si substrate. 

[0010] It would be advantageous if lr film could be 
layered with an interposing film to prevent the interac- 
tion of lr with a silicon substrate. It would be advanta- 

35 geous if the mu It i layered film including a layer of lr could 
resist the Interdiffusion of oxygen at high annealing tem- 
peratures. It would also be advantageous if the mu Hi lay- 
ered film Inducing lr was not susceptible to peeling 
problems and hiBock formation. 

40 [0011] Accoromgly, a conductive banter or elec- 
trode is provided comprising an underlying silicon sub- 
strate, a first barrier film inducting tantalum (7a) 
overlying the substrate, and an iridium (lr) film, having a 
thickness In the range of approximately 20 to 200 

43 nanometers (nm), overlying the first barrier film. The 
combination of the lr film and the first barrier fBm is 
resistant to the interdiffusion of oxygen into the siicon. 
In some aspects of the invention, a titanium (Ti) fim 
overlies the lr film. The Ti layer has a thickness fan the 

so range of approximately 5 to 25 nm The Ti fflm sup- 
presses the formation of hillock regions at high anneal- 
ing temperatures. 

[0012] The first barrier film Is selected from the 
group of materials consisting of Ta and tantalum nitride 
as (TaN), and has a thickness in the range of approxi- 
mately 10 to 100 nanometers (nm). 
[0013] In some aspects of the invention, a second 
barrier layer is interposed between the first barrier layer 
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and the silicon substrate. Typically, the first barrier layer 
is TaN and the second barrier layer Is Ta. The first and 
second barrier layers have a combined thickness in the 
range of approximately 20 to 200 ran, with the second 
barrier layer thickness being in the range of approxi- 
mately 10 to 100 nrrt 

[0014] The above-described conductive barrier Is 
well suited to the formation of ferroelectric devices, 
where the conductive barrier acts as at least one of the 
electrodes. Then, a ferroelectric film overlies the Jr film, 
and a conductive mBfaJ film, which can be a multflay- 
ered film, overlies the ferroelectric film. In this manner, 
the ferroelectric film can be annealed at high tempera- 
tures in an oxygen ambient conditions to enhance its 
memory related charge storage characteristics. 
{0015] A method for forming a highly temperature 
stable conductive barrier overlying an integrated circuit 
substrate is also provided. The method comprising the 
steps of: 

a) depositing a first barrier layer including tantalum 
(Ta) overlying the substrate; and 

b) depositing an iridium (Ir) film overlying the first 
barrier layer, whereby a multilayer structure is 
formed that is resistive to interaction with the sub- 
strate. 

Optionally, a further step, foSows Step b), of: 

c) depositing a layer of titanium (Ti) overlying the Ir 
electrode, whereby the formation of hillocks is sup* 
pressed. 

Step a) includes depositing the first barrier 
layer through deposition methods selected 
from the group consisting of chemical vapor 
deposition (CVD), physical vapor deposition 
(PVD), including sputtering, and metal organic 
CVD (MOCVD). When deposited by PVD sput- 
tering, a 1 ^Cf low of Ar to N 2 Is used, where X Is 
greater then, or equal to 1 . 
Step b) includes depositing the Ir film at a tem- 
perature in the range of approximately 200 to 
500 degrees C. using deposition methods from 
the group consisting of PVD, CVD, and 
MOCVD. 

In one aspect of the invention, a further 
step follows Step c). of: 

Ci) annealing the layers deposited in Steps 
b) and c) at a temperature in the range of 
approximately 600 to 600 degrees C in 
atmospheric conditions selected from the 
group consisting of Ar and vacuum ambi- 
ent. 

Figs. 1 -4 illustrate steps in the formation of a com- 
pleted conductive barrier layer Jn an integrated cir- 
cuit 

Figs. 5 and 6 Illustrate an Auger Electron Spectres- 
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copy (AES) spectrum of a conductive barrier film of 
the present invention before and after annealing. 

Fig. 7 illustrates an X-ray diffraction (XRD) spec- 
trum of the present invention barrier layer, before 
5 and after annealing. 

Fig. 8 and 9 illustrate the suppression of hillocks in 
the present invention barrier layer with the use of an 
overlying Ti layer. 

Figs. 10 and 1 1 illustrate the ohmlc contact prop- 
10 erty of the present invention barrier alter oxygen 
ambient, five minute annealing, at a variety of tem- 
peratures. 

Fig. 1 2 is a flowchart Illustrating a method for form- 
ing a highly temperature stable conductive barrier. 
is Fig. 1 3 is a flowchart aiustrating a method of form- 
ing a ferroelectric device. 

[001 6] Figs. 1-4 illustrate steps in the formation of a 
completed conductive barrier layer in an integrated clr- 

20 cuiL Conductive barrier 10 is suited for use as an elec- 
trode, especially an electrode in a ferroelectric device. 
Fig. 1 illustrates the conductive barrier 10. Conductive 
barrier 10 comprises a substrate 12, a first barrier f&n 
including tantalum (Ta) 14 overlying substrate 12, and 

25 an iridium (Ir) fSm 16 overlying first barrier film 14. The 
combination of Ir film 1 6 and first barrier ffim 14 is resist- 
ant to the Intercfiffu&lon of oxygen into substrate 12. 
{0017] Substrate 12 Is selected from the group of 
materials consisting of silicon, pol /silicon, stfeon cOox- 

30 ide, and silicon-germanium compounds. First barrier 
layer 14 prevents the formation of Ir sHIclde products. 
First barrier f 3m 14 is selected from the group of materi- 
als consisting of Ta and tantalum nitride (TaN). First bar- 
rier layer 14 has a thickness 18 in the range of 

36 approximately 1 0 to 1 00 nanometers (nm). Ir film 1 6 has 
a thickness 20 in the range of approximately 20 to 200 
nm. 

[0018] Fig. 2 Illustrates the addition of a hfflock sup- 
pression layer. Titanium (Ti) film 22 overlies tr film 16. TI 

40 fam 22 suppresses the formation of hilock regions at 
high annealing temperatures. Ti layer 22 has a thick- 
ness 24 in the range of approximately 5 to 25 nm. Pref- 
erably, thickness 24 is less than approximately 10 nm. 
[0019] Fig. 3 illustrates an alternated preferred 

45 embodiment of the multilayer conductive barrier of the 
present Invention. A second barrier layer 30 Is inter- 
posed between first barrier layer 14 and substrate 12. 
Typically, first barrier layer 14 is TaN and second barrier 
layer 30 is Ta. First barrier layer 14 and second barrier 

60 layer 30 have a combined thickness 32 in the range of 
approximately 20 to 200 nm. Second barrier layer 30 
has a thickness 34 in the range of approximately 10 to 
100 nm. 

[0020] Fig. 4 illustrates a ferroelectric device 38 
55 where conductive barrier 10 of Fig, 1 is used as a ferro- 
electric device electrode. A ferroelectric film 40 overlies 
Ir film 16. A conductive metal f Im 42 overlies ferroelec- 
tric film 40. Conductive metal film 42 is a multilayered 
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electrode fn some aspects of the Invention. Alternately, 
but not shown, conductive metal film 42 is a conductive 
barrier, as conductive barrier 10. described above. In 
another alternative, not shown. T1 layer 22 overlies Ir 
layer, 16, as In Pig. 2. Ferroelectric film 40 Is capable of 
storing charges for memory applications between said 
tap 42 and Ir 16 electrodes. In some aspects of the 
invention, second barrier 30 (not shown) separates first 
barrier 14 from substrate 1 2, as in Fig. 3. 

[0021] Figs. 5 and 6 illustrate an Auger electron 
spectroscopy (AES) spectrum of a conductive barrier 
film of the present invention before and after annealing. 
The AES spectrum is used to characterize elemental 
composition. When used in conjunction with ion sputter- 
ing, AES can characterize a sample in depth. Specifi- 
cally, Fig. 5 is the AES spectrum of an Ir/TaN barrier 
before annealing. The V symbol, as used herein, signi- 
fies a layering of distinct films. Fig. 6 is the AES spec- 
trum after annealing. Of special interest is the 
distribution pattern of the la and N. The lack of change 
in the Ta and N distribution indicates that no Interdiffu- 
sion has occurred between the Ir and TaN layer as a 
result of the 700 degree C oxygen annealing, and also 
shows that no interdfflusion has occurred between the 
TaN and SI. Likewise, Figs. 5 and 6 also indicate no 
Intend ffusion between the Ir, TaN, and Si layers. 
[0022] Fig. 7 Illustrates an X-ray diffraction (XRD) 
spectrum of the present invention barrier layer, before 
and after annealing. The bottom spectrum represents 
the case where a layer of Ir Is deposited on silicon, and 
annealed at 650 degrees C. The iridium film has totally 
reacted with the Si, forming iridium silicde. The middle 
spectrum represents a Ir/laN/Si barrier of the present 
invention which has been annealed at 650 degrees C at 
oxygen ambient No iridium slicide peaks are present, 
indicating no reaction between ir and Si. The top spec- 
trum is the s/TaN/Si barrier annealed at 700 degrees C. 
No iridium silicide peaks are observed. The only peak of 
Si observed is believed to be due to hillock formation, 
which exposes areas of the Si layer. 
[0023] Fig. 8 and 9 illustrate the suppression of hill- 
ocks in the present invention barrier layer with Vie use of 
an overlying Ti layer. Fig. S illustrates an Ir/TaN/Si bar- 
rier where hillocks have occurred as a result of 700 
degree annealing in an oxygen ambient environment 
Fig. 9 depicts the suppress of hillocks possible when the 
same film has an overlying Ti layer of approximately 8 
run. 

[0024] Figs. 10 and 1 1 illustrate the ohmic contact 
property of the present invention barrier after oxygen 
ambient five minute annealing, at a variety of tempera- 
tures. Fig. 10 depicts the ohmic contact property of a 
barrier where Ir overlies TaN, TaN overlies Ta, and Ta 
overlies Si- Fig. 1 1 depicts the ohmic contact property of 
a Ir/TaN barrier overlying Si at various arweaJBng tem- 
peratures. It can be seen that after 650 degree C oxy- 
gen annealing for 5 minutes, both films maintain good 
ohmic contact with the Si substrate. That is, good elec- 



10 



15 



SO 



25 



30 



35 



<0 



46 



60 



trical contact between the silicon and barrier metal 
remains, even after high temperature annealing. 

[0025] Fig. 12 is a flowchart illustrating a method for 
forming a highly temperature stable conductive barrier. 
Step 100 provides an Integrated circuit substrate. The 
substrate material Is selected from the group of materi- 
als consisting of silicon, polysiiicon, silicon dioxide, and 
silicon-germanium compounds. Step 102 deposits a 
first barrier layer Including tantalum (Ta) overlying the 
substrata Step 102 Includes depositing a first barrier 
selected from the group of materials consisting of Ta 
and tantalum nitride (TaN). Step 102 includes deposit- 
ing the first barrier layer through deposition methods 
selected from the group consisting of chemical vapor 
deposition (CVD), physical vapor deposition (PVD), 
including sputtering, and metal organic CVD (MOCVD). 
Typically, Step 102 includes depositing TaN in a nitrogen 
rich environment, forming TaNx, where 1< X< 2, 
whereby the barrier properties and adhesion properties 
are Improved. When the first barrier is deposited by 
PVD sputtering, Step 1 02 includes using a 1 :X flow of Ar 
to N 2 , where X is greater then, or equal to 1. 
[0026] Step 104- deposits an iridium (Ir) film overly- 
ing the first barrier layer. Step 104 includes depositing 
the Ir f*n at a temperature in the range of approximately 
200 to 500 degrees G, using deposition methods 
selected from the group consisting of PVD; Cvd, and 
MOCVD. 23. Step 104 includes the Irfim being depos- 
ited at a thickness in the range of approximately 20 to 
200 nm. Step 106 is a product, where a multilayer bar- 
rier structure is formed that Is resistive to Interaction 
with the substrate. 

[0027] Some aspects of the invention include a fur- 
ther step, following Step 104. Step 105 (not shown) 
deposits a layer of titanium (17) overlying the Ir fBm, 
whereby the formation of htSocks is suppressed. Step 
105 Includes depositing the Ti layer with deposition 
methods selected from the group consisting of PVD, 
MOCVD, and CVD. The Ti layer is deposited to a thick- 
ness in the range of approximately 5 to 25 nm, prefera- 
bly the thickness Is less than 1 0 nm A thinner layer of TI 
lessens the Interaction between the TI and the upper 
ferroelectric material, minimizing the formation of tita- 
nium oxide (HO). In some aspects of the invention, a 
further step follows step 104. Step 105a, not shown, 
anneals the layers deposited in Steps 1 04 and 1 05 at a 
temperature in the range of approximately 600 to 800 
degrees C, in atmospheric conditions selected from the 
group consisting of Ar and vacuum ambient 
[0028] In some aspects of the invention, a further 
step precedes Step 102. Step 100a, not shown, depos- 
its a second barrier layer overlying the substrate. The 
second barrier layer material is selected from the group 
consisting of Ta and TaN. The second barrier layer is 
deposited through deposition means selected from the 
group consisting of CVD, MOCVD. and PVD. When 
sputtered (a form of PVD), Step 100a deposits TaN with 
a 1 :X flow of Ar to N2. where X is less than 1. Step 100a 
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includes depositing the second barrier layer to a thick- 
ness in the range of approximately 10 to 100 nm. Steps 
100a and 102 include depositing first and second bar- 
rier layers to have a combined thickness in the range of 
approximately 20 to 200 ran. 

[0029] Fig. 13 is a flowchart illustrating a method of 
forming a ferroelectric device, such as a ferroelectric 
capacitor. Step 200 provides an integrated circuit sub- 
strate. Step 202 deposits a first barrier layer Including 
tantalum (la) overlying the substrata Step 204 deposits 
an iridium (lr) film overlying the first barrier layer. In 
some aspects of the Invention, not shown, Step 205 
deposits a TI layer overlying the lr film layer deposited in 
Step 204. Step 206 deposits a ferroelectric material 
overlying the Ti layer, when the Ti layer is used. Alter- 
nately, Step 206 deposits a ferroelectric material overly- 
ing the lr film. Step 208 deposits a conductive top 
electrode overlying the ferroelectric material. Conduc- 
tive top electrode is any suitable electrical conductant. 
Including the lr conductive barrier described above, or a 
multilayer conductive electrode. Step 210 is a product 
where a ferroelectric capacitor, or other ferroelectric 
device, is formed. 

[0030] A ferroelectric electrode, or conductive bar- 
rier has been provided to permit the use of hr in high 
temperature IC fabrication processes. Separating sili- 
con substrate from the lr has been found to very effec- 
tive In the suppression of interdiffusion. The lr prevents 
the interdiffusion of oxygen into the silicon during 
annealing. A Ta or TaN layer prevents the Diffusion of lr 
into the silicon. This Ir/TaN structure protects the silicon 
interface so that adhesion, conductance, hillock, and 
peeling problems are minimized. The use of Ti overlying 
the Ir/TaN structure helps prevent hillock formation dur- 
ing annealing. Other variations the above-mentioned 
Ir/TaN structure wfl occur to those skilled in the art. 

Claims 

1. In an integrated circuit, a conductive barrier com- 
prising: 



3. A conductive barrier as in claim 1 in which said sub- 
strate is selected from the group of materials con- 
sisting of silicon, polys2fcon. silicon dioxide, and 
silicon-germanium compounds, whereby said bar- 

5 rier layer prevents the formation of lr silickJe prod- 

ucts. 

4. A conductive barrier as in claim 1 in which said first 
barrier fam is selected from the group of materials 

io consisting of Ta and tantalum nitride (TaN). 

5. A conductive barrier as in daim 4 in which said first 
barrier layer has a thickness in the range of approx- 
imately 10 to 100 nanometers (nm). 

16 

6. A conductive barrier as in claim 4 further compris- 
ing: 

a second barrier layer interposed between said 
20 first barrier layer and said substrate; 

in which said first barrier layer is TaN; and 
in which said second barrier layer Is Ta. 

7. A conductive barrier as in claim 6 in which said first 
25 and second barrier layers have a combined thick- 
ness In the range of approximately 20 to 200 nm. 
and in which said second barrier layer thickness in 
is the range of approximately 10 to 1 00 nm. 

30 8. A conductive barrier as in claim 1 further compris- 
ing: 

a ferroelectric film overlying said lr film: and 
a conductive metal film overlying said ferroe- 
35 Jectric film, whereby said ferroelectric film is 

capable of storing charges between said top 
and lr electrodes. 

9- A conductive barrier as in claim 1 in which said Jr 
4o film has a thickness in the range of approximately 
20 to 200 nm. 



a substrate; 

a first barrier film inducting tantalum (la) 
lying said substrate; 

an iridium (lr) film overlying said first barrier 
film; whereby the combination of said lr film 
and said first barrier film is resistant to the inter- 
diffusion of oxygen into 



2. A conductive barrier as in daim 1 further compris- 
ing: 

a titanium (Ti) film overlying said lr film, 
whereby said Ti film suppresses the formation 
of hillock regions at high annealing tempera- 
tures. 



10. A conductive barrier as in daim 2 in which said TI 
layer has a thickness in the range of approximately 

45 5 to 25 nm. 

11. A method for forming a highly temperature stable 
conductive barrier overlying an integrated circuit 
substrata, the method comprising the steps of: 

BO 

a) depositing a first barrier layer inducing tan- 
talum (Ta) overlying the substrate; and 

b) depositing an iridium (lr) film overlying the 
first barrier layer, whereby a multilayer barrier 

ss structure Is formed that is resistive to Interac- 

tion with the substrate. 

12. A method as in damn 1 1 induding a further step, fol- 
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lowing Step b). of: 

c) depositing a layer of titanium (Ti) overlying 
the lr film, whereby the formation of hillocks is 
suppressed. 

13. A method as in claim 12 wherein a ferroelectric 
capacitor is formed, inducting further steps, fo Bow- 
ing Step c), of: 

d) depositing a ferroelectric material overlying 
the Ti layer; and 

e) depositing a conductive top electrode overly- 
ing the ferroelectric material, whereby a ferroe- 
lectric capacitor is formed. 
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14. A method as in claim 11 in which Step a) includes 
depositing a first barrier selected from the group of 
materials consisting of la and tantalum nitride 
(TaN)- 

is. A method as in daim 14 in which Step a) includes 
depositing the first barrier layer through deposition 
methods selected from the group consisting of 
CVD. PVD. and MOCVD. as 

16. A method as in daim 15 in which Step a) deludes 
depositing the first barrier by PVD sputtering, with a 
1 X flow of Ar to N 2 . where X Is greater then, or 
equal to 1 . so 

17. A method as in claim 16 including a further step, 
preceding Step a), of: 

depositing a second barrier layer overlying the 35 
substrate, the second barrier layer material 
being from the group consisting of Ta and TaN, 
and deposited through deposition means 
selected from the group consisting of CVD, 
MOCVD. and PVD. 40 



depositing TaN in a nitrogen rich environment, 
forming TaNx where 1< X < 2, whereby barrier and 
adhesion properties are improved. 

22. A method as in claim 1 1 in which Step b) includes 
depositing the k fftn at a temperature in the range 
of approximately 200 to 500 degrees C. 

23. A method as in claim 11 in which Step b) indudes 
selecting an lr deposition method from the group 
consisting of PVD. CVD. and MOCVD. 

24. A method as in claim 11 in which Step b) indudes 
the lr film being deposited at a thickness in the 
range of approximately 20 to 200 nm. 

25. A method as in claim 12 in which Step c) indudes 
depositing the Ti layer with deposition methods 
selected from the group consisting of PVD. 
MOCVD, and CVD. 

26. A method as in daim 12 in which Step c) indudes 
the Ti layer being deposited to a thickness in the 
range of approximately 5 to 25 nm. 

27. A method as In daim 12 inducting a further step, fol- 
lowing Step c), of: 

O)) annealing the layers deposited In Steps b) 
and c) at a temperature in the range of approx- 
imately 600 to 800 degrees C in atmospheric 
conditions selected from the groip consisting 
of Ar and vacuum ambient. 

28. A method as in daim 11 wherein the substrate 
material is selected from the group of materials 
consisting of silicon, polysilicon. silicon dioxide, and 
si icon-germanium compounds. 



18. A method as in claim 1 7 in which the step of depos- 
iting the second layer includes sputter depositing 
TaNwitha liXftawof ArtoN 2 , where X is (ess than 

1. 45 

19. A method as in daim 17 in which the steps of 
depositing the first and second barrier layers 
include depositing the first and second barrier lay- 
ers to have a combined thickness in the range of so 
approximately 20 to 200 nm. 

20. A method as in daim 19 in which the step of depos- 
iting the second barrier layer indudes depositing 
the second barrier layer to a thickness on the range 55 
of approximately 10 to 100 nm. 



21. A method as in daim 14 in which Step a) indudes 
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PROVIDING AN IC 
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DEPOSITING AN Ir FILM 



PRODUCT: MULTILAYER ELECTRODE/BARRIER 
STRUCTURE FORMED TO RESIST INTERACTION 

WITH THE SUBSTRATE 



100 




04 





Fig. 12 
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PRODUCT: FERROELECTRIC CAPACITOR OR 
FERROELECTRIC DEVICE 
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